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Q waves were associated with dyskinesis or akinesis in 18/19 (95%) patients. The Q wave location reflected the type of dyssynergy: 32/40 (80%) patients with anterior MI had akinesis or dyskinesis, while 18/28 (64%) patients with inferior MI exhibited hypokinesis. Lateral extension of the Q wave in an anterior MI was related to the dyssynergy type (average V lead: 4.9 in dyskinesis and 3.3 in hypokinesis; P <0.05) and extent (dyssynergy area /LV silhouette: 31% with Q to V3 and 58% to V3 or V6; P < 0.05). Dyssynergy area was larger in isolated anterior than inferior MI (42% and 23% of LV perimeter; P<0.05) and largest in the anterior-inferior MI (68%; P < 0.05). Dyssynergy was more extensive with Q and STI-TI than with Q alone (48% and 33% LV perimeter; P <0.05). Thus, specific QRS and ST-T wave alterations, when monitoring coronary disease, accurately predict characteristics of LV dyssynergy: Q identifies its presence and location and Q with STt fig. 2D ). In seven of the 21 patients (33%), the infarction was confined to the anterior wall by ECG, 11 (52%) were combined anterior-inferior infarctions, one was isolated to the inferior wall and one was a posterior-inferior infarction. The single patient without transmural infarction by ECG criteria had nonspecific ST-T wave changes. Therefore, all patients with dyskinesis exhibited an abnormal electrocardiogram (table 2) . Furthermore, 18 patients (85%) with dyskinesis had anterior infarction either isolated or in combination with inferior infarction.
Precordial Q Waves
In the 19 patients with isolated anterior infarction with QS deflections beginning in leads V, and V2, the most lateral precordial lead to which pathologic Q waves extended was related to the qualitative severity of dyssynergy ( fig. 3) . The average chest lead to which the most lateral pathologic Q wave deflection extended was determined in each group of patients by the type of dyssynergy: hypokinesis 3.3, akinesis 4.0 and dyskinesis 4 Figure 2 Nature of dyssynergy related to the presence (path Q) or absence (no Q) of ECG myocardial infarction. Normal contraction pattern (A) was associated with no Q (P < .01) while in hypokinesis (B) (P < .02), akinesis (C) (P <.05) and dyskinesis (D) (P < .01) path Q was more common. Of the 77 patients with ECG documented infarction, 19 exhibited ST segment elevation combined with T wave inversion in the leads with pathologic Q waves. All of these 19 patients had segmental dyssynergy: one (5%) hypokinesis, 5 (26%) akinesis and 13 (69%) dyskinesis (fig. 4) . In the 58 patients with infarction documented by electrocardiogram, with nonspecific ST-T wave changes or without ST-T wave alterations, abnormal regional wall motion occurred in 54 (93%): 30 (52%) hypokinesis; 17 (29%) akinesis and seven (12%) dyskinesis. Four patients (7%) exhibited normal motion. Dyskinesis occurred more frequently (P < 0.02) in patients with the specific combination of ST segment elevation with T inversion on leads signIfying infarction than in patients with ECG evidence of infarction without these ST-T changes ( fig. 4 ).
Extent of Dyssynergy Precordial 9 Waves
In the 19 patients with isolated anterior infarction with QS waves starting in leads V, and V2, the lateral precordial extension of pathologic Q wave deflections was compared with the extent of dyssynergy defined as the percent of total left ventricular inner perimeter demonstrating abnormal wall motion ( fig. 5A ). The quantity of dyssynergy was 31% in the five patients with QS deflections from V1-V3, 40% in 10 patients with pathologic Q waves extending to V4, and 58% in four patients with pathologic Q wave deflections (table 1) . Also, Q waves pathognomonic of infarction predicted disorder in regional wall motion in 87% of the patients with ventricular dyssynergy and coronary stenosis. The electrocardiogram is also relatively selective in identifying segmental dyssynergy since 76% of the patients with coronary obstruction without ECG evidence of infarction had normal wall motion. From these observations, the ECG reliably predicts the presence or absence of dyssynergy in 88% of patients with coronary disease (table 1) .
In addition to pathologic Q deflections which relate to the presence of dyssynergy, the electrocardiogram contains characteristic alterations which allow description of the location, nature and extent of abnormal regional wall motion. Thus, the ECG location of pathologic Q waves correlates reliably with the site of ventriculographic dyssynergy. Most accurate in this regard is the ECG determination of anterior infarction which was associated with antero-apical dyssynergy in all patients. Nearly as specific is the ECG determination of inferior infarction which was accompanied by infero-apical dyssynergy in 89% of patients. In anterior-inferior infarction, abnormal wall motion was present in the antero-apical region in 89% of patients and anteroapical or inferior dyssynergy occurred in all patients. The angiographic findings in true posterior infarction were substantially less specific than in anterior or inferior infarctions: 60% of the patients exhibited disorders of inferior or apical wall motion. The dyssynergy pattern is also related to the extent of pathologic Q deflections in individual patients. Thus, in patients with anterior infarction, dyskinesis was more frequent in patients with the greatest lateral extension of abnormal Q waves ( fig.  3 ). In addition, dyskinesis is essentially always associated with ECG evidence of transmural necrosis, whereas akinesis and hypokinesis are occasionally observed in the absence of transmural infarction ( fig. 1 and 2) .
Analysis of ST-T wave alterations further enhances determination of the nature of abnormal regional wall motion. In patients with ECG determination of transmural infarction, the finding of concomitant ST segment elevation with T wave inversion on leads with pathologic Q waves always Ci,rculaion, Volume XLIX, March 1974 452 ECG ASSESSMENT OF VENTRICULAR DYSSYNERGY designated dyssynergy. Moreover, the combination of convex upward ST with inverted T deflection in the presence of infarction indicated dyskinesis in 68% of patients with these characteristic ECG alterations ( fig. 4 ). This finding is consonant with those of Gorlin and co-authors.'7 Also consistent is our observation that infarction without ST elevation and T inversion as evidenced by electrocardiogram is usually associated with hypokinesis and only occasionally with dyskinesis ( fig. 4) .
The results of previous studies have been inconsistent concerning the ECG alterations associated with necropsyl'15 and angiographic16' 17, [20] [21] [22] [23] evidence of aneurysm. Early reports described a relation between ventricular aneurysm found at postmortem examination and myocardial infarction evidenced by electrocardiogram with deep S waves in leads II and III.7 9 Other authors" 6 8, 11, 12-14 have noted a relation between ventricular aneurysm found at autopsy and ECG evidence of anterior wall myocardial infarction, intraventricular conduction disturbances, persistent precordial ST depression in the presence of inferior wall infarction, low QRS voltage and multiple pathologic Q waves. A recent study indicated a close correlation between ST In addition to determination of the presence, location and nature of abnormal regional contraction, the extent of left ventricular involvement with dyssynergy can also be predicted from the electrocardiogram. In patients with anterior myocardial infarction, the quantity of dyssynergy was directly related to the precordial extent of pathologic Q waves ( fig. 5A ). This finding is consistent with postmortem studies in which abnormal Q waves in V5 and V6 correctly predicted infarction in more Circulation, Volume XLIX, March 1974 instances (96%) than in any other ECG zone. 25 Furthermore, the ECG evidence of location of infarction is related to the size of dyssynergy. In anterior infarction, the area of abnormal motion was nearly twice the size of that observed in inferior infarctions, while the largest extent of dyssynergy occurred in combined anterior-inferior infarction ( fig. 5B) . Also, the quantity of dyssynergy was increased when ECG evidence of infarction was accompanied by ST segment elevation and T inversion. The greater frequency of upward ST with T negativity with anterior infarctions when compared to inferior infarctions is in agreement with the more extensive segment of disordered contraction in infarction of the anterior wall. In this regard, persistent ST segment elevation after myocardial infarction has been related to twice the mortality over a subsequent three-year period when compared to survivors of myocardial infarction without this specific EGG alteration. 26 The decreased survival may result in part from a greater extent of muscle loss which is manifested electrocardiographically as persistent ST elevation.
Since the principal purpose of this study was to define the ECG correlates of segmental dyssynergy in coronary artery disease, all patients included in the study had documented coronary obstruction. Therefore, our study was not designed to specifically evaluate the ability of the electrocardiogram to detect the presence or site of coronary artery stenosis. Other studies have shown that the resting electrocardiogram is an inaccurate predictor of coronary disease in individual patients.2740 However, in the special circumstance of infarction evidenced by electrocardiogram, the resting electrocardiogram does indicate the location of coronary obstruction.2' Since the electrocardiogram relates to the status of the myocardium and not directly to the coronary arteries, it is not surprising that ECG disturbances indicating infarction correlate well with other properties of cardiac muscle, such as characteristics of ventricular wall abnormalities demonstrated in this study and cardiac pump function as indicated in a previous study.22
